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Abstract 
 White blood cells are a key part of the immune system, and changes in white cell count 
can reveal the overall state of health and the immune systems functional ability of a species. 
White blood such as heterophils and lymphocytes are essential for being able to fight off 
infections. Analyzing different cell ratios has been commonly done before as a way to observe 
immune function in bird species as well as other species. Understanding that there are different 
functions between the different white blood cells provides an extra interesting perspective to 
what could be happening in the immune system function of the species studied. In this 
experiment, the ratio of heterophils and lymphocytes (H/L) from summer-active turtles, and 
turtles in hibernation were observed, recorded, and analyzed. It was predicted that during 
hibernation, the white blood cell counts will be low because they are not exposed to potential 
pathogens. However, hibernation may lead to an increase in cell counts because the lower 
metabolic rates may result in an increase in cell numbers. If immune function is increased 
overall, the H/L ratio should remain unchanged and only cell numbers will vary. Although, if 
heterophil counts increase independent of lymphocyte counts, this would indicate an ongoing 
immune challenge amongst the Terrapene ornata species, the results showed exactly that. 
During the summer months, T. ornata showed higher numbers of lymphocytes whereas in the 
winter months there was a higher number of heterophils. There was a significant difference in the 
H/L ratio between the summer active and hibernating T. ornata species. 
Key Words: biology, stress, immune system, health Terrapene ornata, species, T. ornata 
hibernation, red blood cell, white blood cell, heterophil, lymphocyte, H/L ratio, turtles, and 
pathogens. 
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H/L Ratio as a Measurement of Immune Function in Terrapene ornata species 
Introduction 
 All of the blood components derive from the same progenitor cell known as pluripotent 
hematopoietic stem cells and all of these components are critical to the survival of the species 
that inquire whole blood. Red blood cells are responsible for the movement of oxygen and 
without it, a species would not be able to transport oxygen and therefore not be able to survive. 
There are also platelets, also known as thrombocytes, that are vital to the clotting process in 
species. When there is a cut in the skin these platelets aggravate with one another leading to a 
patched-up area to avoid blood loss and to start repair mechanism on the surface of the skin. 
Lastly, there are white blood cells, which are essential to the immune function of a species. 
The immune system cells originate from the bone marrow where most of these immune 
cells also mature (Janeway et al., 2001). These immune cells are split up into two major classes, 
the innate and the adaptive immune system cells. The innate immune system is the first line of 
defense that a species has, whereas adaptive immune system response form after exposure to a 
foreign antigen. The function of the different immune cells varies but all the different variations 
of these cells are critical to a healthy overall species. 
 The adaptive immune system cells consist of B and T lymphocytes which derive from a 
common lymphoid progenitor and are named differently based on the origin for where they 
differentiate. The T lymphocytes differentiate in the thymus whereas the B lymphocyte 
differentiates in the bone marrow. There are two types of T cells, one of which is referred to as a 
cytotoxic T cell which is able to kill viruses infected cells, and another class of T cells which are 
able to activate B cells as well as macrophages. Other immune cells such as; macrophages, 
dendritic cells, heterophils (also known as neutrophils in mammals), eosinophil, basophils, and 
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mast cells all derived from myeloid cell lineage and all have different functions in the innate and 
adaptive immune system. From these cells, the main focus of this research will be put on the 
heterophils which function phagocytosis and activation of bactericidal mechanisms (Janeway et 
al., 2001). White blood cells within species are complex and they also vary based on many 
different factors. 
Seasonal fluctuations are important in better understanding a species mechanism for 
survival under cold and warmer temperatures. Understanding that the temperatures affect 
immune system functions can help to underline the importance in temperature regulation and 
how future temperature changes may affect certain species. Ratios that look granulocytes, or 
more specifically at heterophils, to lymphocytes (H/L ratio) helps to depict the overall levels of 
stress, environmental or internal. Organisms have two options when trying to survive the effects 
that come with seasonal fluctuations. The first option that an organism has to adjust to its 
surroundings is to continuously undergo physiological changes. The second option for a species 
to deal with stressors in the environment is to adjust morphologically therefore characteristics are 
better suited for the stressful environment. The seasonal changes present among a species can 
vary by abiotic and biotic factors. In abiotic changes factors such as; temperature changes in the 
environment, as well as precipitation differences in the different seasons, along with many other 
factors. For biotic factors, focus is put on how much food is available for a species, if the species 
is being preyed upon, and importantly if there is parasite pressure that the species is experiencing 
to name a few (Sueiro et al., 2018).  
These abiotic and biotic factors are important in organisms because it is what underlines 
how a species will utilize its energy. Trade-offs are commonly done in species in order to be able 
to survive environmental stress. An organism does a trade-off to maximize fitness in 
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environments that can be challenging, an organism must devote resources it has between 
competing physiological systems. Many trade-offs within an organism can be distributed 
throughout reproductive output, growth or survival. The endocrine system itself has mediators of 
seasonal changes that causes changes in immune system activity. Hormonal changes, such as, 
glucocorticoids, androgens and melatonin all are examples of changes in the endocrine system 
that affect the immune system. The immune defense system has variation for many reasons, 
whether the species in undergoing disease infection treat, environmental differences or that the 
species has relative advantages to changing the overall immune system defense mechanisms at 
certain times (Martin et al., 2007). These different suggestion on why the changes in the immune 
system are happening can help figure out how a species immune system is adapting to the 
external stress from the environment or internal stress. A key to understanding how the immune 
system is behaving is looking at whether this change is based on energy requirements versus how 
much energy is available to a species. 
How much energy a species has determines all a certain species can do at any given time. 
When a species is exposed to high stress environments for a long period of time, the overall 
function of the immune system is negatively impacted (Nelson and Demas, 2004). Although 
measurements on energy availability are unknown for the research conducted in this study the 
idea that energy plays a role in the results is important in why the immune system has seasonal 
differences. 
 In a healthy individual species, the immune system is able to detect and destroy harmful 
environmental components that surround a host (Schultz and Grieder, 1987). The immune 
system is also able to respond to stress within the host, whether these stressors are pathogenic or 
psychological is currently up for debate and much research shows that both have impact on the 
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host immune system response. There are many ways that researchers have come up with to 
further observe how a species immune function response to certain stressors, one way is to do 
white blood cells counts. 
 Measuring stress that an individual species may experience is critical to get a better 
understanding of how stress affects the overall lifespan of an individual. Jennifer Malat and her 
associates studied the effects of how racial inequality and birth outcomes may affect the lifetime 
stress of people experiencing these stressors. In the study, the authors express that the proper 
tools are needed to measure stress exposure as well as protective factors one may have developed 
for stress in their lives, this can be a difficult element to measure. In the study, however, the 
researchers addressed this issue by using a theoretical model in the research analysis. The 
theoretical model used utilized how birth outcomes are between Blacks and Whites (Malat al et., 
2017). Although the method of measurements is creative and justified for this research it does 
have gaps in how scientific the approach is and how well the results can be duplicated and 
measured. Debates on what is the best and most effective and efficient way to measure stress and 
the outcomes of stress is commonly debated in the field of science. 
 Other ways of measure stress which use a more scientifically model, rather than a 
theoretical approach, would be looking at the increased levels of epinephrine and norepinephrine 
(Cohen et al., 2012). The reason why looking at the epinephrine and norepinephrine levels is 
important when looking at stress is because when a person or species is experiencing stress the 
body of a species will trigger a release of cortisol as well as epinephrine and norepinephrine, 
which in turn interact with immune cell receptors which regulate the inflammation cells in the 
body are undergoing and keeps the body under control (Slavich & Irwin, 2014). Being able to 
have hormone measurements as a way of defining the stress a species is undergoing makes it 
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possible to replicate and get results that verify research done. The problem with this is that over 
time the body does have an alteration on how these different hormones work due to sensitivity 
changes (Cohen et al., 2012; Silverman & Sternberg, 2012). With this method, a researcher is 
able to look species health through looking at the effects of the hypothalamic-pituitary-adrenal 
(HPA) axis, sympathetic-adrenal-medullary (SAM) axis, and immune system. 
Another example of how to study immune function within a species that can be done 
using only blood cell count and a microscope is to observe the count of white blood cells. The 
count to observe the ratio of heterophils to lymphocytes (H/L), while also taking to account the 
overall white blood cells to red blood cells ratio (WBC/RBC). Since immune response vary 
based on species environmental stressor or physiological stressors it may be possible to see this 
immune response through observation and fluctuations in heterophils to lymphocytes. It was 
hypothesized that there is a correlation between the ratio of H/L can be used as a measurement of 
immune function showing that the H/L ratio is higher in summer months than winter months 
(hibernation) due to the fact that in summer months there’s more exposure to pathogens, 
although there may be an overall increase in cell count in hibernation months. 
Looking at the H/L ratio is not new and has been used in many studies of birds and also 
other reptiles, just not as commonly. In a 2015 study looking at the H/L ratio as a measurement 
of stress in laying hens was done. In this study, the laying hens were offered different sites to 
nest. This experiments purpose was to provide information on how the method of using H/L ratio 
can help measure stress that the hens are experiencing, however, it was unsuccessful in doing so. 
The problem that may have happened in this researcher according to the authors is that using H/L 
ratio as the only method of measurement as well as only have a single stressor present may have 
led to this insignificant data results. In this study, the authors also suggested that there should 
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have been more behavioral studies done on the laying hens to verify how much stress is actually 
induced on these laying hens (Lentfer et al.). However, in another study where H/L ratio was 
used it was found that looking at this ratio in birds can be highly affected by disorders of health, 
this is an important consideration to remember when conducting research (Clark, 2015). 
Immune defense system has also been studied through using the H/L ratio. When looking 
at leukocyte profiles and H/L ratio in chicks of Red-tailed Tropicbirds it was telling on the 
ontogeny of the immune system overall. The research found that there was a high H/L ratio 
initially in the young chicks due to the increase of heterophils per 10,000 erythrocytes and there 
was a decline with age. On the other hand, lymphocytes per 10,000 erythrocytes was alike for 
young and old chicks. What this data shows is that young chicks, based on the H/L ratio, invest a 
lot in innate immunity, the initial line of defense. The reason for this investment may be due to 
the young chicks needing to protect themselves from pathogens. On the other hand, older chicks 
will put more work into the acquired immune system because it is of more value in these older 
chicks for survival (Dehnhard et al., 2011). 
The H/L ratio although not new is used in this research in a unique way, measuring 
immune function based on seasonal stress differences and in an understudied organism of 
reptiles. Seasonal stress has been looked at before and yielded interesting results when studying 
the turtle species Mauremys caspica. M.caspica species research showed that lymphocytes were 
the most commonly observed leukocyte subpopulation in blood. Lymphocytes in M.caspica were 
also seen in the highest percentages within the spring and summer months, with females having 
higher numbers than males in the spleen when it was spring and, in the thymus, when it was 
summer. The reason the researcher thought this may have happened is that the turtles were more 
active in the summer and spring months making them more exposed to different pathogens and 
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therefore be at a higher risk for infections. In order for the turtles to have a chance at survival, 
the immune system must get to work (Munoz & De la Fuente, 2004). 
These examples of how H/L ratio has been used before help provide evidence for both 
the strengths and weaknesses within this experimental method. Most of this research has to do 
with understanding the effects of stress on the overall health of a species. Although, most of the 
studies focus on actual stress induced situation this research takes a new turn on using the H/L 
ratio by seeing the effects of seasonal differences on the Terrapene ornata species, and although 
seasonal differences have been studied before this unique combination of type of species and 
utilizing the H/L ratio method has not been implemented before in other studies. Looking at the 
possible T. ornata averages in heterophils and lymphocytes can be telling on how the internal 
system of these species is behaving. Of course, winter and summer bring their own challenges to 
the T. ornata species understanding how to identify these challenges can be the first step to see 
how the immune system alters behaviors for the better livelihood of a host. 
Methods and Material 
Experimental design 
In this experimental study, H/L ratio was accounted for to see if immune function within 
the Terrapene ornata species would vary amongst the summer months versus that hibernation 
months. The samples used in this research was available in Dr. Gwen Bahman research lab. The 
samples were from many years of observation of different turtles in different locations during a 
variety of months. The months collected for were summer months and months after hibernation. 
The environmental conditions of these different turtles also varied, some from outdoor 
environments (Cedar Point), others from indoor environments where turtles were placed in warm 
and cold controlled hibernation freezers. The turtles varied on sex as well age. The samples 
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collected were from all turtles possible and present. Of course, over the years some turtles have 
been lost while others have died. In the data collecting and counting portion of this experiment, 
there was a variety of different blood smears observed. To avoid any sampling bias the slides 
were randomly chosen and no one turtle was counted for twice. The samples counted from as 
many different environments. 
Blood sampling 
 The blood sampling was done to a variety of different turtles during the summer months 
and winter months. First, the turtle was removed from environment and area, which varied from 
the outdoors of cedar point to the indoors where hibernation environments were created using 
refrigerators and boxes containing moss. After obtaining the turtle there was a ventipuntion that 
would be performed. Ideally, there were two people used to perform a venipuncture on the turtle. 
One person would hold the turtle in a manner that the hind leg was exposed and restricting the 
ability of the turtles to draw the hind leg into the shell. The other person would then clean the 
area with dynarex alcohol prep pad. Next, the venipuncture is done using a needle which is 
inserted in the femoral vein which is located in the mid-ventral part of the femur above the knee 
joint.  There is a small muscle depression that shows up that helps to identify the correct site for 
venipuncture (Rohilla et al., 2008). 
After successful venipuncture blood will appear on the surface of the turtle’s' leg and 
then a glass collecting tube (RNA Medical Safe-Wrap Combo Blood Collection Tubes for i-
STAT 95 uL) will be used to collect the blood and then the glass collecting tube was placed on a 
Clay-based sealant, EKF HemataSEAL Tube Sealant. The blood sample taken was also placed 
onto a glass slide and another clear top was placed above the sample. After the sample was 
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successfully on the glass slide the slide was labeled with a black sharpie the date the blood 
sample was collected and the turtle identification number. 
Slide preparation  
 To prepare the slides what needs to be done first is that the labeling done in sharpie must 
be traced and engraved with a diamond pen. The second step is that the slides are disinfected 
with ethanol this makes sure that the slide is cleared from any microorganisms present on top of 
it. Thirdly, the slide must be stained in order to have slides that can be observed with a light 
compound microscope. The staining process is done after the slides have been disinfected and 
dried. The slides were stained individually. First, the side was placed in a small and short glass 
tube which had a purple dye in it. The slide would be placed in there so that it is standing upright 
and easy to find for one minute and then removed. After the slide was removed from the dye it 
would be directly placed into another small and short glass tube which had deionized water 
inside of it. The slide would be left in the deionized water for two minutes. After the two minutes 
passed the slide was placed on a tray with paper towels and was left at a slight angle so that the 
water could roll off and the slide could dry off completely and then the slides were put away 
inside a microscope slide box. 
Counting 
 The counting done for this experiment was all done manually using a light compound 
microscope. After slides were fully prepared they would be placed under the microscope and 
starting at the least magnification working to the most magnification, then a drop of immersion 
oil type A was placed onto the slide to help with better visualization of the sample. At this point, 
the slide was fully focused and the red blood cells as white blood cells could be observed and 
counted for. Counting the white blood cells was done using a blood cell counter, the 
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lymphocytes and heterophils were disguised during the count and the total of all the different 
white blood cells was also taken to account. Per slide, the red blood cells were also counted for. 
Since there are 50 to 100 red blood cells per slide observation the best way to count all these red 
blood cells was to use a quadrant counting method. The quadrant counting method is 
metaphorically dividing the slide that is being observed in four squares and counting the red 
blood cells in two squares across from one another then times that number by two to get the 
overall red blood cell count. The counting process began from the top center of the slide and 
went downwards until the bottom of the slide. For each frame, the counting was done and to 
make sure no overlap happened the last slide on the frame was kept track of until it went to the 
top of the next frame. 
Collecting and interpreting data 
 The data that was collected was recorded in a lab notebook and after was also recorded 
on excel. Means were collected on excel for; percentage of heterophils (H%), the percentage of 
lymphocytes (L%), heterophil to lymphocytes (H/L) ratio, and white blood cells to red blood 
cells (WBC/RBC). The mean percentage of heterophil was calculated by taking heterophil 
divided by mean total white blood cells, this was done for summer and winter data separately. 
The mean percentage of lymphocytes was calculated by taking lymphocytes divided by mean 
total white blood cells, again this was done for both summer and winter data. Next, was the 
heterophil to lymphocyte ratio was done for the summer and winter data, by taking heterophil the 
mean and dividing it by the lymphocyte mean. Lastly, the mean of the white blood cells to red 
blood cells was collected by dividing the averages, done in both summer and winter data. The 
standard deviation of heterophil percentage, lymphocyte percentage, H/L ratio, and WBC/RBC 
was also calculated. 
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Analyzing data 
 After calculations of means and standard deviations of the data were completed it was 
analyzed on excel using t-tests. First, the F test was run to see the variance between the summer 
data and winter data. There was four F test ran to help to show which t-test should be run on the 
data. For the percentage of heterophils, the variance was not significantly different so t-test 
assuming equal variance was done. Next, for percentage lymphocytes the variance was not 
significantly different so again a t-test assuming equal variance was done. For the heterophil to 
lymphocyte ratio H/L ratio and WBC/RBC there was a significant difference in variance, 
therefore, t-test assuming unequal variances must be used. After getting information on what t-
test to run further data analysis was done. Four t-tests were conducted yielding information on p-
values. With the information provided by the t-test, graphs were created to depict the means and 
plus and minus standard deviation of; heterophil percentage, lymphocyte percentage, H/L ratio, 
and WBC/RBC. 
Results 
Four t-tests were conducted on data to analyze significance or lack of significance. The 
percentage of heterophils and the percentage of lymphocytes show no significance in variance so 
t-test assuming equal variance was done. The heterophil to lymphocyte ratio and white blood cell 
to red blood cell ratio showed a significant difference in variance, so, t-test assuming unequal 
variance was done. The percentage of heterophils, as seen in figure VII, were significant with a 
value of p-value of 1.93X10^-9 when comparing the summer and winter data. In figure VIII, the 
percentage of lymphocytes were also significant with a p-value of 3.28X10^-11. The ratio 
between heterophil to lymphocytes did show significant results a p-value of 2.28X10^-5 when 
running a t-test looking at two-sample assuming unequal variances shown in figure IX. The t-test 
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for white blood cell to red blood cell ratio in figure X yielded a p-value of 0.52 which is not 
significant. 
Discussion 
 Other than the findings there is significance in how the research was taken. Since all the 
data was observed manually it was critical to make sure the counts were done in the most 
efficient way. Distinguishing white blood cells overall was something that involved personal 
judgment, examples of slide and white blood cells appears are seen in figures I-VI, but more so it 
is a skill that involves using knowledge about what distinguishes the different cells and being 
able to apply those different aspects of cells to each slide observed. This, of course, can lead to 
minor problems of falsely distinguishing one cell for something else but overall this problem is 
avoidable if time is taken to distinguish cells and do further research on each white blood cell in 
question. 
Next taking into account of the total red blood cell count manually is better completed 
using the method described in material and method. The method for counting red blood cells 
used the quadrant method when checking the verification of this method, by counting all the red 
cells in one slide and then using the quadrant method the number of red blood cells was very 
close to the actual number. This conformation gives validation to the numbers collected when it 
comes to total red blood cell count. 
The results from this experiment are significant in showing that there may be some 
underlying battle that the immune system within the Terrapene ornata species that needs to be 
further looked at. The white blood cell to red blood cell ratio was not significant this may suggest 
that in both seasons, summer and winter, there was no infection. If there is no infection present, 
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then the difference in the heterophil to lymphocyte ratio between the two seasons must be based 
on something else. 
Seasonal changes such as how the Lymphocytes were high in the summertime and this 
may be due to the ultrastructure of the organs where lymphocytes come from. Studies have 
shown that in Mauremys caspica the thymus and spleen where these lymphocytes come from 
may be due to the well-organized ultrasound of these organs, a similar thing may be happening 
in the T. ornata species. The decrease in lymphocytes can be a result of low proliferative 
response to mitogens which was seen in study with M. caspica (Munoz & De la Fuente, 2004). 
 To further explain why there may be a difference in the H/L ratio is the fact that the 
sampling process was altered due to the behavior and origin of heterophils compared to 
lymphocytes. During winter temperatures drop and cutaneous blood flow decreases, meaning 
there is cutaneous vasoconstriction happens (Romanovsky, 2014). Perhaps the heterophils 
migrated into the blood vessel walls when it was summertime but when winter came, due to the 
restriction of blood circulation, these cells became concentrated. If this were to be true that helps 
make sense of why the number to heterophil is higher in the winter time. It is possible that 
lymphocytes also play a role in this sampling dilemma, it may be possible due to the decrease in 
blood circulation that the lymphocytes and not being able to transport through the blood as much 
leading to this decrease in lymphocytes in samples during the winter time. 
This research yielded results that can help give insight on how temperature, as well as 
environmental changes globally, can affect a species (Sandhu, 2015). Clearly, the winter 
environment had an effect on the immune system of the Terrapene ornata species, whether these 
results are due to the sampling of blood issue or whether it is an immune function battle is not 
clear from this data, but it is still interesting the implications that can be brought up. The 
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environment overall has been increasing in temperature overall with 1.5°C rise in world 
temperatures (Lawton, 2019). The temperature rise will affect all the species worldwide. The 
change in an environment can, of course, cause an internal change a species internal clock. The 
internal clock is important because it allows Terrapene ornata species to know when it is winter 
time and therefore time to hibernate. Since this research suggest that immune function fluctuates 
throughout the seasonal changes it might be true that the biology of T. ornata might also change 
which can be harmful to the species. However, results from other studies indicate that 
temperature change may be a constraint certain species, other species such as the turtle species 
Sternotherus odoratus have the ability to adjust immunity to match environmental thermal 
demand very rapidly (Goessling et al., 2019). This could mean that although winter hibernation 
may be altered in some species others will find ways to avoid possible harmful outcomes from 
the changes in the environment, but results are still unclear. 
This change in immune system cell ratio may be due to metabolic rates fluctuations 
within the species, perhaps there is are blood metabolite that changes during the season that can 
help to explain the change in cell numbers. The change in cells number leads to the changes in 
the heterophil and lymphocytes ratio in winter and summer. The heterophils in this research tend 
to be higher in winter time this may be due to the biological makeup of heterophils or where 
heterophils stay during a different season, same is true to the fluctuation of lymphocyte.  
In order to better understand this change in H/L ratio for future studies, it would be 
beneficial to get the hematocrit of each species. The hematocrit of a species helps to understand 
the ratio of the volume of red blood cells to the total volume of blood (Sueiro et al., 2018), which 
can help to understand how hydrated or not hydrated a species is. Being able to have this 
information could be helpful in understanding the seasonal differences in the H/L ratio that is 
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seen in this research. Since there is a lack of information on hematocrit values of the species in 
this study it is helpful to see how results from other research has looked like. 
Munoz and De la Fuente in their study with M.caspica did take hematocrit values and the 
results showed that the lowest hematocrit values were seen in the winter and autumn, which also 
seemed to be correlated with the low oxygen requirements during hibernation where there was 
also a decrease in activity among M.caspica. However, this study went on further to discuss that 
hematocrit level in other species, such as the snake species Natrix natrix the highest hematocrit 
values are actually seen in the autumn. This differences in hematocrit, although can be useful in 
understand the overall hydration, may not be as helpful due to the different method species take 
to regulate their hematocrit values (2004). In another study seasonal observation of hematocrit 
did not vary significantly (Sueiro et al., 2018). This may be an indicator that hematocrit may not 
be as telling as hope for, making it not a useful measurement when it comes to explain the ratio 
between heterophils to lymphocytes.  
Heterophil that are a part of the innate system use certain mechanisms to detect and 
destroy pathogenic microbes (Genovese et al., 2013). Both neutrophils/heterophils proliferate in 
circulation to fight infections (Davis et al., 2008). Since this increase in heterophil is being seen 
during the winter an explanation could be infection and since the heterophil are a part of the 
innate system is initiates immune reactions (Genovese et al., 2013). However, since winter time 
and hibernation can play as a stress to an organism it may be possible that the increase in 
heterophils may be due to the stress of the cold and/or hibernation. The stress of the cold has 
been correlated to the inhibition of phagocytic activity of neutrophil seen in beta receptor 
(Polezhaeva et al., 2015). If the colder temperature interferes with heterophils, as it does with 
neutrophil stated in this article then maybe to compensate for this more heterophils are needed in 
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the species blood.  Heterophil may be decreased in function in cold temperature but having more 
heterophil in number could help the species out and could be the reason the increase in 
heterophils is seen in the winter time. Temperature and disease in reptiles have and continues to 
be a highly studied field. Desert iguanas Dipsosaurus dorsalis in the study done in the Kluger 
laboratory showed that the survival of D. dorsalis, infected with Gram-negative bacterium 
Aeromonas hydrophila, is reduced by 75% if this species is not able to behaviorally raise its core 
temperature by 2 degrees Celsius (Evans et al., 2015). 
Lymphocytes are also part of the adaptive immune system and are higher in the 
summertime a possible reason why this may be happening is due to the pathologic stress that 
may be happening in the summertime. The lymphocytes being a part of the adaptive immune 
health are able to individualize an approach based on the pathogen present this may be more 
helpful to the species if there is more pathogenic stressor during the summertime. 
Slide/Graph Photos 
 
Figure I        Figure II 
The light microscopic morphology of the     The light microscopic morphology of the  
peripheral blood cells of box turtles     peripheral blood cells of box turtles 
(Terrapene ornata ) in Nebraska. Red Blood    (Terrapene ornata ) in Nebraska. Red Blood  
Cells, one heterophil, and a cluster of     Cells, one basophil, one lymphocyte and one 
Lymphocytes are shown.      Thrombocyte is depicted. 
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Figure III        Figure IV 
The light microscopic morphology of the     The light microscopic morphology of the  
peripheral blood cells of box turtles     peripheral blood cells of box turtles 
(Terrapene ornata ) in Nebraska. Red Blood    (Terrapene ornata ) in Nebraska. Red Blood  
Cells and one heterophil is depicted.        Cells and four heterophils are seen. 
 
   
Figure V      Figure VI 
The light microscopic morphology of the              The light microscopic morphology of the  
peripheral blood cells of box turtles              peripheral blood cells of box turtles 
(Terrapene ornata ) in Nebraska. Red Blood            (Terrapene ornata ) in Nebraska. Red Blood  
Cells and one monocyte are depicted.                          Cells and two heterophils are depicted. 
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Figure VII 
Histograms of the mean plus and minus standard deviation of heterophil percentage for captive 
box turtle (Terrapene ornata) between summers and winter months in Nebraska (p-
value=1.93X10^-9, df=38, S.D.: summer= 0.133 and winter=0.168). 
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Figure VIII 
Histograms of the mean plus and minus standard deviation of lymphocytes percentage for 
captive box turtle (Terrapene ornata) between summers and winter months in Nebraska (p-
value=3.28X10^-11, df=38, S.D.: summer= 0.149 and winter=0.120). 
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Figure IX 
Histograms of the mean plus and minus standard deviation of heterophil to lymphocyte ratio for 
captive box turtle (Terrapene ornata) between summers and winter months in Nebraska (p-
value=2.28X 10^-5, df=19, S.D.: summer= 0.233 and winter=2.50). 
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Figure X 
Histograms of the mean plus and minus standard deviation of white blood cell to red blood cell 
ratio for captive box turtle (Terrapene ornata) between summers and winter months in Nebraska 
(p-value=0.52, df=32, S.D.: summer= 0.027 and winter=0.042). 
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